Objective: The aim of this study was to determine whether changes in leisure time physical activity (LTPA) and body composition reflect concomitant changes in 400-meter walk time.
S elf-paced walking tests were developed to provide a familiar and acceptable method of estimating cardiorespiratory fitness and exercise tolerance in older adults. 1, 2 The Long Distance Corridor Walk protocol was designed to build on the strengths of previous time-based walks and to provide a more accurate estimate of cardiorespiratory fitness. In a 2001 study of older adults, Simonsick et al 1 showed that when compared with the 6-minute walk, participants performed closer to maximal capacity when asked to walk a given distance (ie, 400 meters). In a follow-up study that also included older adults, the 400-meter walk was shown to be a valid estimate of measured maximal oxygen consumption (VO 2max ). 2 In addition to providing a valid field estimate of cardiorespiratory fitness among older adults, the 400-meter walk was also shown to be a valid estimate of physical function 3 and predict total mortality, cardiovascular disease (CVD), mobility limitation, and disability. 4 Although there is evidence to support that the 400-meter walk is a useful estimate of cardiorespiratory fitness, 1,2 functional status, 3 and general health 4, 5 among older adults, the use of this measure in younger populations is currently unknown. Results from two previous studies examining the 400-meter walk in middle-aged women are promising. 6, 7 In our 2007 study using baseline data from the Women on the Move Through Activity and Nutrition (WOMAN) study, longer 400-meter walk times were significantly associated with increased clinical and subclinical CVD risk. 6 In a 2010 validation study that also included middle-aged women, 400-meter walk time was shown to be highly reproducible over a 1-week interval, a valid estimate of measured VO 2max , and significantly related to a comprehensive profile of physical activity and fitness measures. 7 Obesity has been shown to be associated with increased functional limitation and decreased physical performance. 8, 9 Although the evidence is mounting supporting the role of the 400-meter walk to provide an estimate of cardiorespiratory fitness in middle-aged women, it is currently unknown whether it can also be used as a marker of physical function. Given that physical activity and body composition have been shown to be important predictors of physical function, 10 the objectives of this study were to examine whether changes in leisure time physical activity (LTPA) and body composition reflect concomitant changes in walk time over a 48-month period. Together with the results of previous studies, these findings would clarify the use of the 400-meter walk in middle-aged women.
METHODS

Design overview
The WOMAN study, a 5-year randomized clinical trial, was designed to evaluate whether a nonpharmacological lifestyle intervention focused on weight loss through dietary and physical activity changes would reduce the measures of subclinical atherosclerosis among postmenopausal women aged 52 to 62 years. 11 Data were collected at baseline and 6, 18, 30, and 48 months; however, all measures relevant to these analyses were completed at baseline and study end.
Setting and participants
Recruitment and data collection were conducted at the University of Pittsburgh in Pittsburgh, PA. Eligibility criteria for study enrollment included the following: body mass index (BMI) between 25 and 39.9 kg/m 2 ; waist circumference (WC) of 80 cm or greater; no diagnosed CVD, type 2 diabetes mellitus, and/or psychotic disorder; blood pressure level of 140/90 mm Hg or lower with or without antihypertensive therapy; and low-density lipoprotein cholesterol level between 100 and 160 mg/dL without lipid-lowering therapy. 11, 12 Women were primarily recruited through direct mailing from selected zip codes in Allegheny County, PA, from April 2002 to October 2003. All participants provided written informed consent, and all protocols were approved by the institutional review board at the University of Pittsburgh.
Randomized groups
In total, 508 eligible women were randomized to the health education (HE) or a lifestyle change (LC) group using a block randomized design. The intervention design of the WOMAN study has been previously reported. 11, 12 The HE (comparison) group received a core educational series of six lectures offered in year 1 and then quarterly thereafter. The intervention offered to the LC group was built on previous studies using a nonpharmacological lifestyle approach, including the Women's Healthy Lifestyle Project 13 and Diabetes Prevention Program. 
Study measures 400-Meter walk
The 400-meter walk test requires participants to walk 10 laps along a hallway with cones set 20 meters apart (40 meters per lap) at a pace that could be maintained for the full 10 laps (ie, usual pace). Heart rate (HR) was monitored with a Polar Pacer heart monitor (model 60905; Polar, Woodbury, NY). Participants with elevated blood pressure (Q200/110 mm Hg) or resting HR (9110 or G40 beats/min) or reporting exacerbation of chest pain, shortness of breath, or a cardiac event or procedure within the past 3 months were excluded for safety reasons. The 400-meter walk was stopped if the participant's HR exceeded 135 beats/min or if a participant reported chest pain or dyspnea during the test. HR was recorded in the seated position before the walk and standing at test completion and after 2 minutes of recovery. Systolic blood pressure was measured while seated before the walk and standing at test completion. The entire protocol took approximately 8 to 10 minutes to administer.
Physical activity
Physical activity was collected using the Modifiable Activity Questionnaire, an interviewer-administered questionnaire, which assesses reported leisure and occupational activities over the past year. 15 Because of the limited reported occupational activity in the WOMAN study population, only the LTPA estimate is reported. 16 LTPA was calculated as the product of the duration and frequency of 39 common activities (in hours per week), weighted by a standardized estimate of the metabolic equivalent (MET) of that activity, 17 and summed for all activities performed. Data were expressed as MET hours per week. The Modifiable Activity Questionnaire has been previously shown to be a reliable 15, 18 and valid 15, 18, 19 estimate of self-reported physical activity.
Body composition
Height and weight were measured with a stadiometer and calibrated balance beam scale, respectively; BMI was calculated by dividing the participant's weight in kilograms by the square of her height in meters. Average WC was measured at the navel (horizontal plane at the center of the navel) using a fiberglass retractable tape measure. A Hologic QDR 200 densiometer (Hologic, Waltham, MA) was used to ascertain whole body, trunk, and leg body fat and nonfat (ie, lean) mass. The ratio of low-energy (40 keV) and high-energy (70 keV) attenuation is linearally related to the amount of fat in the soft tissue. 20 Using this ratio, it is possible to discriminate fat from nonfat mass, thus providing a valid measure of body composition.
Other relevant variables
Age (in years) and demographic factors including race/ ethnicity, educational attainment, marital status, and health behavior information and hormone therapy use were collected using standardized questionnaires.
Statistical methods
Univariate analyses were conducted on measured parameters, stratified by randomized group assignment. All continuous variables were assessed for normality. Normally distributed variables were summarized with mean and SD and nonnormal data with medians and interquartile range, and proportions were noted for categorical variables. Depending on the characteristics of the variable, Student's t test, Wilcoxon rank-sum test, or asymptotic or exact W 2 test compared the equality of parameters between the HE and LC groups. In all WOMAN study participants, and then stratified by randomized group assignment, linear-mixed models (ie, repeated-measures analysis of variance) were used to quantify the rate of increase or decrease in 400-meter walk time per unit increase in self-reported leisure physical activity and traditional and dual-energy x-ray absorptiometry (DXA)Y derived body composition parameters after adjustment for age at 48-month visit and relevant activity or body composition level at baseline. Because obese individuals have more lean mass than do normal-weight individuals of the same height, 21 lean mass parameters were adjusted for BMI at the 48-month follow-up. In the stratified analyses, tests of equality between the two slopes were then computed to determine if measuring the rate of change in the 400-meter walk differed between randomized groups. The distribution of LTPA was positively skewed, with several relatively large values; therefore, a square-root transformation was applied before analyses. The means were then back-transformed and presented in MET hours per week. Statistical analyses were generated on all available data using SAS/STAT software, version 9.2, of the SAS System for Windows (SAS Institute, Cary, NC).
RESULTS
Of the 508 WOMAN study participants randomized at baseline, 502 (98.8%) and 399 (78.5%) women completed the 400-meter walk at the baseline and the 48-month follow-up visits, respectively (Fig. 1) . Of the 454 participants who completed at least part of the 48-month visit, 39 (8.6%) had missing 400-meter walk data because of an undocumented reason, 6 (1.3%) did not complete the 400-meter walk because of personal time constraints or unavailability of the corridor, and 10 (2.2%) did not complete the walk because of a functional limitation, acute symptom (eg, dizziness), or chronic condition (ie, recent diagnosis of cardiac arrhythmia). There were no significant differences in participant characteristics or baseline levels of LTPA or BMI between those who completed and did not complete the 400-meter walk at 48 months.
At baseline, there were also no significant differences in measured parameters between randomized groups (Table 1) . However, at 48 months, the HE group had longer walk times and greater body weight, BMI, WC, and trunk fat mass when compared with the LC group (all P G 0.04). Also, the HE group had somewhat greater whole body fat, whole body lean mass, and left leg lean mass than did the LC group (all P G 0.10). In the LC group, 400-meter walk time significantly decreased over 48 months (P = 0.03), whereas no significant change in walk time was noted over that same time period in the HE group.
All WOMAN study participants
After adjustment for age at the 48-month visit and relevant baseline, LTPA or body composition level, increased LTPA, and reduced body weight, BMI, WC, whole body, trunk, and lower leg fat mass were related to an decrease in walk time (Table 2) . More specifically, a 1-METIhIwk j1 increase in LTPA was associated with a 3.16-second decrease in 400-meter walk time from baseline to 48 months (P = 0.006). Furthermore, a per unit increase in body weight (in pounds), BMI (in kilograms per meter squared), and WC (in centimeters) resulted in an increased walk time of 0.73, 4.56, and 1.31 seconds, respectively (all P G 0.001) over 48 months. Finally, a 1-kg increase in whole body, trunk, and right and left leg fat mass was significantly associated with increases in walk time from baseline to 48 months (ie, 2.22, 3.83, 10.88, and 11.96 s, respectively [all P G 0.001]). Longitudinal relationships between lean mass parameters and walk time were not statistically significant.
LC versus HE group
After stratification by randomized group assignment, results were similar (Table 3 ). In the LC group, increased LTPA and decreased body weight, BMI, WC, and whole body, trunk, and lower extremity fat mass were significantly associated with reductions in 400-meter walk time from baseline to 48 months, after adjustment for age at 48 months and LTPA or relevant body composition level at baseline (all P G 0.01). Similar to the unstratified results, no significant associations were noted between lean mass parameters and 400-meter walk time from the baseline to 48-month follow-up. In the HE group, results were again similar; however, longitudinal relationships between walk time and LTPA were not statistically significant (P = 0.50). When examining the equality of the regression slopes between 400-meter walk time and LTPA and body composition measures by randomized group assignment, significant slope differences were noted for LTPA only (P = 0.047).
DISCUSSION
To our knowledge, no previous study has examined the longitudinal relationships between the 400-meter walk and LTPA and body composition measures in a population subgroup other than older adults. In the Lifestyle Interventions and Independence for Elders Pilot study, a randomized controlled trial of a physical activity intervention compared with a successful aging intervention (ie, comparison group) among older, sedentary adults aged 70 to 89 years, 22 400-meter walk speed (in meters per second) significantly decreased in the successful aging group after 12 months while remaining relatively stable in the physical activity group (P G 0.001). 22 In the WOMAN study, total walk time significantly decreased in the LC group over 48 months, whereas no differences in walk time were observed among participants randomized to the HE group. These findings suggest that among somewhat younger individuals, the weight loss and physical activity goals promoted in the LC group not only significantly decreased total walk time over 48 months but also may be important to attenuate declines in walking performance that are probably associated with the normal aging process.
In all WOMAN study participants, increases in LTPA and decreases in body weight, BMI, WC, and DXA-derived fat mass were associated with shorter 400-meter walk times over 48 months. Unfortunately, because of issues with data collinearities in the model (ie, baseline body weight and age at 48 mo), we were unable to determine whether the 400-meter walk was more sensitive to weight loss than to change in LTPA. However, these results confirm two previous cross-sectional examinations using baseline data from middle-aged women. 6, 7 In the WOMAN study, self-report LTPA and pedometer steps significantly decreased (both P G 0.01, for trend), and BMI and WC significantly increased across increasing quartiles of walk time in early postmenopausal women (both P G 0.0001, for trend). 6 Similar relationships were observed in the Evaluation of Physical Activity Measures in Middle-Aged Women (PAW) Study, a slightly younger sample of women representing premenopause to postmenopause. After adjustment for age, a 400-meter walk time was inversely related to a multitude of self-report and direct physical activity measures (all P G 0.05) and directly associated with WC and percent body fat as measured using a bioelectrical impedance (both P G 0.0001). 7 A direct relationship between walk time and BMI was also shown in a 2006 report by Newman et al, 4 which used data in older adult participants (ie, aged 70-79 y) from the Health Aging and Body Composition Study. The results from the current study add to the previous studies by examining the longitudinal association between 400-meter walk time in a younger cohort using a more detailed measure of body fat mass.
Elevated BMI has been shown to be related with increased self-reported functional limitation, decreased physical performance, and increased risk of functional decline. 8, 9 In a study by Coakley et al, 10 BMI was shown to be the most important predictor of physical function and impaired ability to work and, after physical activity, the second most important predictor of vitality among 56,510 normal-weight and overweight women aged 45 to 71 years enrolled in the Nurses' Health Study. In a subsequent prospective study of the Nurses' Health Study cohort, weight gain over 4 years of observation was significantly associated with reduced physical functioning across all BMI categories among women 65 years or younger, with the most dramatic reductions shown in women who gained 9 kg or more. Similar findings were shown in older women (ie, 965 y). 23 Finally, participation in a 3-month weight loss intervention that promoted weight loss through healthy dietary practices and increased physical activity significantly increased physical performance (P = 0.026) as measured by a battery of basic physical tasks, including a 400-meter walk. 24 Unfortunately, results were not shown for the 400-meter walk only. In this study population, weight loss was associated with improvements in health-related quality of life. 25 The findings from the current study support earlier studies and show that increased LTPA and weight loss resulted in improved physical function, as measured by the 400-meter walk, in a group of LTPA, leisure time physical activity; MET, metabolic equivalent; DXA, dual-energy x-ray absorptiometry. a LTPA, body weight, body mass index, waist circumference, and DXA-derived fat mass models were adjusted for age at the 48-month follow-up and relevant baseline value; DXA-derived lean mass models were additionally adjusted for body mass index at the 48-month visit. overweight, postmenopausal women. Furthermore, improvements in walk time were not limited to LC participants but rather were shown to be related to weight loss.
Interestingly, changes in DXA-derived lean mass variables from the baseline to 48-month follow-up were not significantly related to changes in 400-meter walk time in either the combined results or after stratification by randomized group assignment. These findings confirm earlier studies that examined associations between walking performance and lean mass. A study by Woo et al 26 found that fat mass was a stronger determinant of 6-meter walk time than appendicular muscle mass. Furthermore, in the PAW study, 400-meter walk time was not shown to be significantly related to quadriceps and hamstring muscular strength and endurance as measured by an isokinetic dynamometer in similarly aged women. 7 There are several possible important clinical and research implications of the current investigation. The information gleaned from the 400-meter walk could potentially be used by clinicians and researchers to provide a less invasive and valid estimate of cardiorespiratory fitness, which was demonstrated previously in PAW study participants. 7 Because the only requirements for performing the test are adequate space to set up the course and a trained staff person to administer it, the 400-meter walk could be particularly useful in medically underserved settings to supplement traditional health risk factor assessment and triage individuals for additional screening or intensive lifestyle intervention for chronic disease management. Furthermore, as we have shown in the current study, the 400-meter walk could be used as a direct measure to evaluate progress in lifestyle interventions or clinical weight loss programs.
A further clinical implication is the use of improved physical function as a motivational construct when counseling women about weight loss and physical activity. Women-centered care emphasizes placing equal weight on measures such as functional status, pain scores, and health-related quality of life when considering treatment outcomes and healthcare quality. 27<29 In addition, women and research participants cite improved physical function and energy levels as motivators in adopting or adhering to a weight loss or exercise program. 30, 31 Therefore, for some women, improved mobility may be an equally or more attractive reason to consider participating in healthy lifestyle programs than improvements in clinical measurements, such as low-density lipoprotein cholesterol levels.
There are limitations to consider when the results of the current investigation are interpreted. First, the study population consisted of a relatively homogeneous population that may limit the generalizability of the findings to more diverse clinical populations. Second, the walk time estimate could have been affected if participants had a gait abnormality, slowed down, or took a wider step to navigate around the cones set up at the opposite ends of the corridor. Also, walking performance could have been influenced by individual-level differences in comprehending the instructions given before the test initiation. However, attempts were made to reduce such bias by following a standardized protocol that was delivered by a core group of well-trained clinical research staff. Finally, in the WOMAN study, the formal lifestyle intervention ended approximately 36 months postrandomization. Twelve months of little or no intervention could have greatly affected our ability to examine randomized group differences from baseline to 48 months, which would probably bias our results toward a null association. However, significant differences in the longitudinal relationship between LTPA and walk time between randomized groups were still observed after a significant period of no intervention. Furthermore, at intermediate follow-up visits, the LC group had significantly greater reductions in weight and WC and increases in LTPA when compared with the HE group.
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CONCLUSIONS
The findings from the current study add to previous work exploring the psychometric properties and potential use of the 400-meter walk in middle-aged women. 7 In the current study, weight loss and positive healthy behavior change resulted in improved physical function, as measured by the 400-meter walk. These findings clarify the value of the 400-meter walk as a supplemental measure to evaluate progress in nonpharmacological lifestyle interventions or general weight loss programs. Finally, these results support future research examining the function of the 400-meter walk in population subgroups other than older adults.
